
Introduction

Vitamin A increased the accumulation and transport of
zinc in chick ileal mucosa  and the stimulation of zinc

absorption, which may be related to a specific carrier-
vitamin A dependent zinc binding protein. This protein
was shown to be highly specific for zinc ions (1). Zinc is
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Abstract: The purpose of the present study was to examine the effects of vitamin A and zinc interaction in laying hens fed on diets
supplemented with two different levels of vitamin A (0, 10.000 IU/kg) in combination with five different levels of zinc (0, 25, 50,
100, 200 mg/kg) on egg yield, plasma and yolk concentration of zinc, and the levels of plasma triglyceride and phosphorus for 12
weeks.

Egg production, egg weight, feed intake, body weight and feed efficiency did not differ among the groups. Plasma and yolk zinc
concentrations were affected only by zinc supplementation. An interaction between vitamin A and zinc had an effect and the
independent effect of vitamin A supplementation increased the plasma triglyceride levels of laying hens. The level of phosphorus in
plasma was altered by zinc supplementation and an interaction between zinc and vitamin A. Since the positive relationship between
plasma zinc and egg production was observed (r=0.279 p<0.01), it is suggested that plasma zinc may be an indicator for the
estimation of egg production or hen performance. 
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Yumurtac› Tavuklar›n Yumurta Verimi ve Baz› Kan Parametreleri Üzerine Rasyondaki
Vitamin A ve Çinkonun Etkisi

Özet: Bu çal›flman›n amac›, yumurtac› tavuklar›n iki farkl› düzeyde vitamin A(0-10 000 IU/kg)  ile kombine befl farkl› düzeyde çinko
(0,25,50,100,200 mg/kg) ilave edilmifl rasyonla 12 hafta beslenmesi durumunda vitamin A ve çinko etkilefliminin yumurta verimi,
plazma ve yumurta sar›s› çinko konsantrasyonu ile plazma trigliserit ve fosforu üzerine etkisini araflt›rmakt›r.

Yumurta verimi, yumurta a¤›rl›¤›, yem tüketimi, canl› a¤›rl›k ve yemden yararlanma aç›s›ndan gruplar aras›nda farkl›l›k yoktu. Plazma
ve yumurta  sar›s› çinko konsantrasyonlar› sadece çinko ilavesinden etkilendi. Vitamin A ve çinko etkileflimi plazma trigliserit düzeyine
etkili olurken, tek bafl›na vitamin A ilavesi  bu düzeyi art›rd›. Plazmadaki fosfor seviyesi, rasyona çinko ilavesi ve çinkonun vitamin A
ile etkileflimi sonucunda de¤iflti. Plazma çinkosu ile yumurta verimi aras›nda pozitif bir iliflki gözlendi¤inden, yumurta verimi ya da
tavuk performans›n›n ölçümü için plazma çinko düzeyinin bir gösterge olabilece¤i öne sürüldü.

Anahtar Sözcükler: çinko, vitamin A, yumurta verimi.



necessary for the normal mobilisation of vitamin A from
the liver into plasma, and therefore to maintain the
normal plasma vitamin A concentrations (2). The
absorption, transport and utilisation of vitamin A are also
influenced by zinc status (3, 4). 

Plasma zinc seems to fall only when dietary intake is
so low that homeostasis cannot be established without
the use of some zinc from the exchangeable pool, of
which plasma zinc is a component. Thus, plasma zinc is a
valid, useful indicator of the size of exchangeable pool
zinc; a reduction in plasma zinc reflects a loss of zinc from
the bones and liver and an increased risk of the
development of metabolic and clinical signs of zinc
deficiency (5).

The yolk precursor molecule vitellogenin transfers
trace elements to the maturing oocyte and, within the
yolk, lipovitellin and phosphitin serve as metal storage
sites (6). Lipovitellin binds more than 90% of the yolk
zinc (7). The levels of plasma zinc and lipoprotein organic
phosphorus in mature laying hens were reported to be
higher than those of immature females and mature male
birds due to plasma vitellogenin (8). It was also suggested
that the measurement of plasma zinc provides a simple
and accurate technique for the estimation of the
reproductive status in domestic fowl by Mitchell and
Carlisle (8).

Egg production rate was reduced by vitamin A
deficient diets (9,10). Supplementing 0, 10, 20 and 40
mg zinc/kg of diet did not change the rate of laying  (11)
except 20 g zinc/kg given for moulting (12).

Lower activities of the plasma lipoprotein lipase and
triglyceride lipase and higher plasma triglyceride values
were found in the layer state than in the brooder and
grower states (8,13,14). 

Since there is not much information about the effects
of the supplementation of vitamin A and zinc together in
laying hens, except the independent effects of zinc and
vitamin A or the feeding of toxic levels of these, this study
was undertaken to investigate the effects of various levels
of both zinc and vitamin A supplementation on the rate of
laying, the plasma and yolk concentration of zinc, the
levels of plasma triglyceride and phosphorus and to test
plasma zinc is an accurate technique for egg production in
layers.

Materials and Methods

One hundred and thirty Hisex Brown laying hens were
obtained from the Department of Animal Husbandry,
Selçuk University, Konya, Turkey. The hens were divided
into two groups. One group of hens consumed no vitamin
A supplemented diet (0 IU/kg, Group A), while another
group of hens consumed 10.000 IU vitamin A/kg (Roche
Müstahzarlar› A.fi., ‹stanbul, Turkey) supplemented diet
(Group B). Each group of hens was further divided into
five subgroups (13 hens in each subgroup) fed zinc, as
zinc oxide (Do¤a ‹laç, ‹stanbul, Turkey), to provide the
supplementation of 0, 25, 50, 100, 200 mg zinc/kg of
diet (A1-A5, B1-B5). Each hen was put into individual
stainless steel cages after being weighed. The lighting
pattern was 16 hours light and the temperature was
22±0.5°C. Hens received the experimental diets and
water ad libitum for 12 weeks (Table 1). 

Egg yields were recorded daily, while egg weights and
feed consumption were determined monthly. Blood
samples were collected via cardiac puncture from the
hens following an overnight fast at the end of the trial.
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Table 1. Composition of the basal diet.

Ingredients g kg-1

Corn 500.0
Soybean meal 253.5
Wheat 140.0
Vegetable oil 10.0
Limestone 80.0
Dicalcium phosphate 10.0
Salt 3.0
Vitamin mix1,2 2.5
Mineral mix3,4 1.0

Chemical Analysis

Dry matter 902.80
Ash 84.40
Crude fiber 45.30
Crude protein 174.70
Ether extract 54.20

1 : Vitamin mixtures provide (mg/kg diet except  were noted): 
dl-α - tocopheryl acetate, 20; cholecalcipherol 30, µg; thiamine, 
3; riboflavin, 7; menadione, 5; niacin, 20; vit B6, 
5; vit B12 ,0.015; folic acid, 1; ascorbic acid, 50; 
choline chloride, 200;

2 : Vitamin A level was 4750 IU/kg of diet.
3 : Mineral mixtures provide (mg/kg diet): manganese, 80; iron,

60;copper, 5; cobalt, 0.2; iodine, 1; calcium carbonate, 
20; D-biotine, 0.05. 

4 : Zn in  the diet and drinking water were 46  mg/kg  and 
1.11 µg/ml, respectively.



The blood samples were transferred into heparinised
tubes. Plasmas were stored frozen at –20°C for later
analysis. Plasma triglyceride and inorganic phosphorus
were analysed by UV Spectrophotometer using
commercial kits (Diasys, Diagnostic Systems, Germany).

One millilitre of plasma was diluted with 4 mL of 1%
HCl in distilled water (15) for zinc analysis. After the eggs
were hard boiled, the yolks were separated and
homogenised in petri dishes. One gram of egg yolk and
diet samples was put into porcelain crucibles and ashed
for 18 hours at 500°C in a muffle furnace. All ash
residues were dissolved in HCl and diluted to 100 mL
with distilled water (16). The zinc concentration of the
samples was determined by an atomic absorption
spectrophotometer (Buck Scientific 200A) at 213.9 nm.

Data were evaluated statistically by an analysis of
variance with post hoc separation of treatment means by
Duncan's multiple range test. In each case, a p-value less
than 0.05 was considered significant. Egg production
data were converted by arc sine transformation before
being analysed and presented as percentages. These
analyses were accomplished by using a statistical analysis
system configured for a computer (17). 

Results

Adding vitamin A and/or zinc to the hen's diet resulted
in no significant differences in body weight, egg
production, egg weight, feed intake and feed conversion
among the groups of hens receiving experimental diets
(Table 2).

Plasma zinc concentration was affected only by
dietary zinc supplementation (Table 3). The highest
plasma zinc level was 4.39 µg/ml in the group fed 100
mg zinc/kg in the diet, and was very close to the plasma
zinc level of the control group. The group fed 200 mg
zinc/kg of diet had significantly lower plasma zinc
concentrations than those of the control and 100 mg
zinc/kg supplemented groups (Table 4).

Vitamin A and zinc interaction affected the plasma
triglyceride level (Table 3), and adding vitamin A was very
effective on this significant interaction for plasma
triglycerides (Figure 1). When analysis of variance were
performed within each of the vitamin A groups, it was
found that the triglyceride concentration of group A5

(suppl. no vit A and 200 mg zinc/kg) was higher than that
of groups A3 and A4. Group A4 (suppl. no vit A and 100
mg zinc/kg) had a lower triglyceride concentration than
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Table 2. The results of the performance parameters of the experimental groups1,2.

Supplements

Initial body Final Body Egg Egg weight, Feed intake, Feed Specific

Vitamin A3 Zinc4 weight, kg weight, kg production,% g g day-1 conversion, kg gravity,

IU/kg mg/kg feed kg egg-1 g cm3 -1

Group A n n n n n n n

0 A1 0 13 1.85±0.05 11 1.71±0.06 9 80.77±2.57 9 62.13±2.18 11 119.0±1.77 9 2.35±0.14 9 1.07±0.0

A2 25 13 1.91±0.04 13 1.65±0.04 13 76.30±2.13 13 65.00±1.92 13 121.4±1.05 13 2.46±0.08 13 1.08±0.0

A3 50 13 1.77±0.03 13 1.63±0.04 12 80.33±1.81 12 62.49±0.54 13 122.1±2.67 12 2.53±0.14 12 1.08±0.0

A4 100 13 1.87±0.04 12 1.85±0.05 12 80.25±2.19 12 65.33±1.86 12 123.6±1.70 12 2.21±0.08 12 1.08±0.0

A5 200 13 1.84±0.03 12 1.80±0.06 10 77.70±3.71 10 63.82±1.93 12 124.0±2.04 10 2.47±0.15 10 1.07±0.0

Group B

10.000 B1 0 13 1.83±0.03 11 1.74±0.04 10 81.20±2.28 10 63.49±1.40 11 120.9±1.19 10 2.51±0.17 10 1.07±0.0

B2 25 13 1.80±0.03 12 1.76±0.05 11 82.90±1.99 11 64.72±1.12 12 121.6±1.38 11 2.66±0.37 11 1.08±0.0

B3 50 13 1.82±0.03 13 1.76±0.06 13 80.38±1.26 13 66.66±1.70 13 119.5±1.83 13 2.26±0.05 13 1.08±0.0

B4 100 13 1.81±0.03 12 1.74±0.06 11 79.18±2.06 11 64.14±1.44 12 118.9±1.37 11 2.30±0.10 11 1.07±0.0

B5 200 13 1.84±0.03 13 1.71±0.05 12 79.16±1.88 12 62.88±1.56 13 118.8±1.73 12 2.39±0.08 12 1.07±0.0

1 Means±SEM. 
2 No significant differences were determined among groups A and B.
3 Supplemented as retinyl acetate.
4 Supplemented as ZnO



that of A2 and A5. Vitamin A and zinc supplementation
lowered the plasma triglyceride level in group B5 when
compared to the level of the control group (Table 3).
Supplementing vitamin A increased the plasma
triglyceride level from 10.98 mg/ml to 14.85 mg/ml
(Table 5).

The effect of zinc supplementation alone and also zinc
and vitamin A interaction was significant on the
concentration of plasma phosphorus. Not adding vitamin
A was much more effective on the interaction for the
plasma phosphorus level (Figure 2). However, the 200
mg zinc/kg supplementation had higher plasma
phosphorus levels than other groups except the control
group and the 50 mg zinc/kg supplemented group (Table
4). Vitamin A supplementation in the group without zinc
supplement (B1) and the 200 mg zinc/kg supplementation
for group A had increased levels of plasma phosphorus
(Table 3).

Yolk zinc was only affected by dietary zinc
supplementation. The level of yolk zinc of the group fed
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Table 3. Effect of dietary vitamin A and zinc on plasma zinc, triglyceride, phosphorus and yolk zinc of laying hens1,2.

Supplements

Vitamin A3 Zinc4 Plasma zinc Plasma triglyceride Plasma phosphorus Yolk zinc

IU/kg mg/kg µg/ml mg/ml mg/dl µg/g

Group A n n n n

0 A1 0 10 4.20±0.33 7 11.74±1.30abc 7 4.46±0.42b 8 38.36±1.18

A2 25 10 3.59±0.19 8 12.65±1.32ab 13 4.60±0.35b 7 30.35±2.73

A3 50 11 3.71±0.25 9 9.37±1.22bc 8 6.10±0.61ab 10 39.48±3.29

A4 100 12 4.29±0.30 10 8.86±0.87c 10 4.46±0.45b 7 28.87±2.19

A5 200 12 3.71±0.28 7 13.40±1.10a 10 6.83±0.99a 9 28.89±3.86

Group B

10.000 B1 0 10 4.27±0.29 7 19.62±2.76a 8 7.30±0.55a 9 30.91±3.73

B2 25 9 3.82±0.33 7 13.22±2.13ab 8 4.68±0.42b 8 29.97±2.36

B3 50 11 3.71±0.26 7 13.87±2.08ab 9 5.74±0.28b 6 40.04±2.64

B4 100 11 4.51±0.34 7 16.36±3.08ab 10 5.51±0.44b 6 26.16±2.73

B5 200 10 3.47±0.19 8 11.62±1.12b 9 5.96±0.63ab 8 33.33±3.71

Analysis of Variance

Vitamin A NS S NS NS

Zinc S5 NS S S

Vitamin A X Zinc NS S S NS

1 Means ± SEM.
2 In each column within each group, nonmatching superscripts denote significant differences at p< .05.
3 Supplemented as retinyl acetate.
4 Supplemented as ZnO.
5 Significant at p< .05.
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Figure 1. Effect of  vitamin A- zinc interaction on plasma triglyceride
levels in laying hens.



50 mg zinc/kg was close to the level of the control group,
but was significantly higher than that of other zinc
supplemented groups (Table 4).

Discussion

Vitamin A should be supplemented to layer diets  so as
to compensate for alterations in the vitamin levels of feed
ingredients, oxidation loss and those demands due to feed
consumption, stress, genotype and management (18).
Zinc deficiency lowers the rate of growth, feed efficiency
and egg production (4). Although Richter (19) reported
that feed consumption, laying performance, egg weight
and feed efficiency are dependent on vitamin A supply,
some researchers found that supplementing different
amounts of vitamin A (20, 21) and zinc (11, 22) to layer
diets did not alter the performance parameters of laying
hens. In the present study, layer hens fed experimental
diets showed no difference in feed consumption, egg
yield, egg weight and feed efficiency.

Some evidence shows that a diminished supply of
dietary zinc may increase zinc absorption in the uptake
phase. It has been suggested that two mechanisms of zinc

fi. KAYA, H. D. UMUCALILAR, S. HAL‹LO⁄LU, H. ‹PEK

767

0

2

4

6

8

0 100 20050

Zn supplementation, mg/kg

Pl
as

m
a 

ph
os

ph
or

us
,  

m
g/

dl

Vitamin A  0
IU/kg suppl.

Vitamin A
10.000 IU/kg
suppl.

150 250

Figure 2. Effect of vitamin A- zinc interaction on plasma phosphorus
levels in laying hens

Table 4. Effect of adding zinc on plasma zinc, triglyceride, phosphorus and yolk zinc  of laying hens.1,2

Supplement

Zinc3 Plasma zinc Plasma triglyceride Plasma phosphorus Yolk zinc
mg/kg µg/ml mg/ml mg/dl µg/g

n n n n

0 20 4.23±0.21ab 14 15.68±1.82 15 5.97±0.51ab 17 34.42±2.20ab

25 19 3.70±0.18bc 15 12.91±1.17 21 4.63±0.26c 15 30.15±1.72b

50 22 3.71±0.17bc 16 11.34±1.24 17 5.91±0.31ab 16 36.69±2.21a

100 23 4.39±0.22a 17 11.95±1.60 20 4.98±0.33bc 13 27.62±1.70b

200 22 3.60±0.82c 15 12.45±0.80 19 6.42±0.59a 17 30.98±2.66b

1 Means ± SEM. 
2 In each column, nonmatching superscripts denote significant differences at p<.05.
3 Supplemented as ZnO

Table 5. Effect of adding vitamin A on plasma zinc, triglyceride, phosphorus and yolk zinc of laying hens.1,2

Supplement

Vitamin A2 Plasma zinc Plasma triglyceride Plasma phosphorus Yolk zinc
IU/kg µg/ml mg/ml mg/dl µg/g

n n n n

0 55 3.90±0.13 41 10.98±0.57b,3 48 5.27±0.29 41 33.57±1.48
10.000 51 3.96±0.14 36 14.85±1.07a 44 5.83±0.25 37 31.94±1.54

1 Means ± SEM. 
2 Supplemented as retinyl acetate.
3 Significant at p<.001



absorption exist. One of these may be induced by low
dietary zinc levels. Because altered brush border
membrane transport may account for a larger segment of
the zinc absorbed at lower luminal zinc concentrations in
rats fed zinc deficient diets, the total amount of zinc
absorbed when dietary zinc is low may be close to that
observed in higher dietary zinc intakes. At high zinc
concentrations, the membranes may become leaky and
allow zinc to enter the cell and bind nonspecifically to cell
proteins and other ligands (23).

Johnson and Greger (24) found that the increased
consumption of zinc resulted in the decreased apparent
absorption of zinc, increased losses of endogenous zinc in
faeces and the decreased true absorption of zinc. Stahl et
al. (25) determined that chicks receiving a control diet
(37 mg zinc/kg) excreted significantly less of the
administered dose of 65Zn than chicks given moderate
(103 mg zinc/kg) or excess (2183 mg zinc/kg) amounts
of zinc, and that chicks given more than 100 mg zinc/kg
of the diet accumulated zinc in their tissues. 

In this research, the levels of plasma zinc ranged from
3.47µg/ml to 4.51µg/ml which were in conformity with
other reports on domestic fowl (8) and turkey hen (26).
The level of plasma zinc in the control group was very
close to the level of those hen's fed 100 mg  zinc/kg,
while plasma zinc declined significantly after the feeding
of more than 100 mg zinc/kg. This data may indicate that
the plasma zinc level was controlled by the homeostatic
mechanism with regards absorption, excretion or
accumulation in tissues due to the level of dietary zinc.

Either the absence or excess of vitamin A in the diet
increased the triglyceride content in the liver, and it is
suggested that the levels of vitamin A have some
influences upon the metabolic processes of liver
triglyceride (27), and that the daily feeding of vitamin A
supplement increased serum triglycerides (28). The rise
in the levels of plasma triglyceride was determined due to
a decrease in the activities of lipoprotein lipase and
triglyceride lipase in laying turkeys by Kelly et al. (13).
The values estimated for plasma triglyceride in the
present study ranged from 8.86 mg/ml to 19.62 mg/ml,

and were very close to results reported by others (8,13),
while adding vitamin A significantly increased plasma
triglyceride. Although plasma phosphorus levels were
shown to decrease in turkeys through vitamin A
supplementation at 16 000 IU/kg (29), there were no
differences noted in this research following the addition
of vitamin A. 

Williams et al. (30) reported that excess dietary zinc
(20 g zinc/kg of diet)  was accumulated in the tissues, and
yolk zinc was increased threefold. Feeding 10-30 g
zinc/kg  resulted  in the highest yolk zinc in the group fed
the lowest  (10 g zinc/kg) dietary zinc (31). Adding zinc
affected yolk zinc levels, and the estimated values of yolk
zinc ranged from 27.62 µg/g to 36.69 µg/g and these
levels were similar to the results of the control group
determined by Decuypere et al. (31).

Mitchell and Carlisle (8)  reported that laying birds
exhibited much higher levels of zinc than did males or
immature female birds, consistent with the presence of
vitellogenin in the plasma, and plasma zinc in female birds
of different ages confirms the applicability of this
parameter as an index of circulating vitellogenin in
relation to reproductive status. In the current research,
the positive correlation between plasma zinc and egg
production (r= 0.279, p< 0.01) was observed and
suggests that plasma zinc concentrations were affected
by egg production (8).

In conclusion, the supplementation of zinc (up to 200
mg/kg) and vitamin A (0-10.000 IU/kg) in the diet of
laying hens for 12 weeks had no effect on performance
parameters. While adding zinc affected plasma and yolk
zinc concentration and plasma phosphorus, adding
vitamin  A only increased plasma triglyceride levels, which
all were in the normal range. So if a diet based on corn,
soybean meal and wheat contains ~ 5000 IU vitamin A
and ~ 50 mg zinc/kg, it might meet the demand for zinc
and vitamin A under normal conditions for laying hens. As
suggested by Mitchell and Carlisle (8), the positive
correlation between plasma zinc and egg production
demonstrates that plasma zinc may be an indicator for
the estimation of egg yield in layers.

Effect of Dietary Vitamin A and Zinc on Egg Yield and Some Blood Parameters of Laying Hens

768

1. Berzin, N.I., Bauman, V.K.: Vitamin-A-dependent  zinc-binding
protein and intestinal absorption of Zn in chicks, Brit. J. Nutr.,
1987, 57, 255-268.

2. Smith, J.C. Jr., McDaniel, E.G., Fan, F.F., Halsted, J.A.: Zinc: a
trace element essential in vitamin A metabolism, Science, 1973,
181,  954-955.

References



fi. KAYA, H. D. UMUCALILAR, S. HAL‹LO⁄LU, H. ‹PEK

769

3. Christian, P., West Jr., K.P.: Interactions between zinc and vitamin
A: an update, Am. J. Clin. Nutr., 1998, 68 (2 Suppl), 435S-441S.

4. McDowell, L.R.: Minerals in Animal and Human Nutrition, 1992,
Academic Press Inc., New York.

5. King, J.C.: Assessment of zinc status, J. Nutr., 1990, 120, 1474-
1479.

6. Richards, M.P., Steele, N.C.: Trace element metabolism in the
developing avian embryo: A review, J. Exp. Zool., 1987, Suppl. 1,
39-51.

7. Tupper, R., Watts, R.W.E., Wormall, A.: The corporation of  65Zn
into avian eggs, Biochem J., 1954, 57, 245-255. 

8. Mitchell, M.A., Carlisle, A.J.: Plasma zinc as an index of
vitellogenin production and reproductive status in the domestic
fowl, Comp. Biochem. Physiol., 1991, 100A, 719-724.

9. Bermudez, A.J., Swayne, D.E. Squires, M.W., Radin, M.J.: Effects
of vitamin A deficiency on the reproductive system of mature White
Leghorn hens, Avian Dis., 1993, 37, 274-283.

10. Squires, M.W., Naber, E.C.: Vitamin profiles of eggs as indicators
of nutritional status in the laying hen: vitamin A study, Poult. Sci.,
1993, 72, 154-164.

11. Stahl, J.L., Cook, M.E., Sunde, M.L.: Zinc supplementation: its
effect on egg production, feed conversion, fertility and hatchability,
Poult. Sci., 1986, 65, 2104-2109.

12. Palafox, A.L., Ho-A, E.: Effect of zinc toxicity in laying White
Leghorn pullets and hens, Poult. Sci., 1980, 59, 2024-2028.

13. Kelly, J.M., Ganesan, D., Bass, H.B., Thayer, R.H., Alaupovic, P.:
Effect of estrogen on triacylglycerol metabolism inhibition of post-
heparin plasma lipoprotein lipase by phosvitin, an estrogen-
induced protein, FEBS Letters, 1976, 67, 28-31.

14. Joshi, V.G., Rajwade, N.A., Desai, N.K., Talvelkar, B.A.: Serum
lipids of indigenous and White Leghorn layers in their key
physiological states, Ind. J. Anim. Sci., 1992, 62, 629-634.

15. Hempe, J.M., Savage, J.E.: Autoclaved egg white as a protein
source for chicks diets low in zinc, Poult. Sci., 1990, 69, 959-
965.

16. Perkin Elmer Corporation: Analytical Methods for Atomic
Absorption Spectrophotometry, 1982, Norwalk, Connecticut,
USA. 

17. SPSS: SPSS Base System Syntax Reference Guide, Release 6.0,
1993, SPSS Inc.

18. McGinns, C.: Vitamin A plays important role in poultry nutrition,
Feedstuffs, 1988, 18, 24-26.

19. Richter, G.: Incorporation and mobilisation of vitamin A in laying
hens, Arch. Tierernahr., 1995, 48, 337-345 (Abstract)..

20. Richter, G., Lemser, A., Ludke, C., Steinbach, G., Mockel, P.:
Studies on the vitamin A requirements and recommendations for
laying hens, Arch.  Gefluegelkunde, 1996, 60, 174-180
(Abstract).

21. Coflkun, B., ‹nal, F., Çelik, ‹., Erganifl, O., Tiftik, A.M., Korto¤lu, F.,
Kuyucuo¤lu, Y., Ok, Ü.: Effects of dietary levels of vitamin A on the
egg yield and immune responses of laying hens, Poult. Sci., 1998,
77, 542-546.

22. Stahl, J.L., Greger, J.L., Cook, M.E.: Breeding hen and progeny
performance when hens are fed excessive dietary zinc, Poult. Sci.,
1990, 69, 259-263.

23. Cousins, R.J.: Absorption, transport, and hepatic metabolism of
copper and zinc: special reference to metallothionenin and
ceruloplasmin, Physiol. Rev., 1985, 65, 238-309.

24. Johnson, M.A., Greger, J.L.: Absorption, distribution and
endogenous excretion of zinc by rats fed various dietary levels of
inorganic tin and zinc, J. Nutr., 1984, 114,1843-1852.

25. Stahl, J.L., Greger, J.L., Cook, M.E.: Zinc, copper and iron
utilisation by chicks fed various concentrations of zinc, Br. Poult.
Sci., 1989, 30, 123-134.

26. Richards, M.P.: Influence of egg production on zinc, copper and
iron metabolism in turkey hen (Meleagris gallopavo), Comp.
Biochem. Physiol., 1989, 93A, 811-817.

27. Ando, M., Wakisaka, I.: Effect of vitamin A on 2,2-bis-(p-
chlorophenyl), 1,1-dichloroethylene concentration in rat liver, J.
Nutr. Sci. Vitaminol. (Tokyo), 1975, 21, 317-322.

28. Solomon, L.W. and Erdman, J.W. Jr.: Vitamin A induced
hypertriglyceridemia in cholesterol fed rats, Lipids, 1980, 15 (3),
157-162.

29. Dorr, P. and Balloun, S.L.: Effect of dietary vitamin A, ascorbic acid
and their interaction on turkey bone mineralisation, Br. Poult. Sci.,
1976, 17 (6), 581-589.

30. Williams, S.N., Miles, R.D., Ouart, M.D., Campbell, D.R.: Short-
term high-level zinc feeding and tissue zinc concentration in
mature laying hens, Poult. Sci., 1989, 68, 539-545.

31. Decuypere, E., Helsen, J., Van Gorp, S.,  Verheyen, G.: The use of
high zinc diets as forced molting method: effect on Zn uptake and
egg Zn content, Arch. Geflugelk., 1988, 52, 245-251.


